hyperpolarizing afterpotentials (HAPs). Importantly, we found exercise training in SHRs to 44 restore all these parameters back to those levels observed in WKY-S rats. In several cases, 45 exercise evoked opposing effects in WKY-S rats, when compared to SHR-S rats, suggesting that 46 exercise effects on PVN-NTS neurons are state-dependent. Taken together, our results suggest 47
that elevated preautonomic PVN-NTS neuronal excitability may contribute to altered autonomic 48 control in SHR rats, and that exercise training efficiently corrects these abnormalities. and allowed free access to food and water. Rats were pre-selected for their ability to walk on a 127 treadmill (5-10 sessions, 0.3 up to 0.9 km/h, 0% grade, 10-15 min/day), and only active rats (16 128 WKY, 16 SHR) were used in this study. At week zero, before starting protocols, active rats were 129 submitted to maximal exercise test (graded exercise on the treadmill, starting at 0.3 km/h with 130 increments of 0.3 km/h every 3 min up to exhaustion) in order to determine maximal individual 131 exercise capacities and to assign rats with equivalent capability to trained (T) or sedentary (S) 132 groups. Half of the rats of each group were submitted to low-intensity training performed 133 twice/day (1 hour each), 5 days/week over 6 weeks, as previously described (Jackson et al. 134 2005) . Briefly, exercise intensity was increased progressively by a combination of time and 135 speed to attain 50-60% of maximal exercise capacity, as determined by the maximal exercise 136 tests on the treadmill. Maximal exercise tests were repeated at the 3 rd and 6 th week in order to 137 adjust training intensity and to compare the efficacy of the training protocol, respectively. Rats 138 allocated to S protocol were kept sedentary for a similar period of time and handled every day. 139
Systolic blood pressure was measured using tail cuff method (RTBP 2000; Kent Scientific 140 Corporation, CT) in conscious rats. Animals were restrained in a holder and the nose cone was 141 adjusted that so the animal was comfortable but not able to move freely. The holder used was 142 able to auto-monitor a pre set up temperature (36 o C). Rats were allowed to acclimatize for 10 143 min before measurements were obtained (average of 10 measurements/rat). Blood pressure, as 144 well as body weight, were measured weekly during S and T protocols. Mean systolic pressure 145 values obtained in each group at the end of the training protocol are summarized in Fig.1 . 146
147

Retrograde labeling of PVN-NTS projecting neurons 148
At the end of the 6 th week of the T protocol, rats from the four experimental groups (WKY-S, 149 WKY-T, SHR-S and SHR-T) were anesthetized by intraperitoneal injection of ketamine/xylazine 150 mixture (90 mg/kg and 5 mg/kg, respectively), placed in a stereotaxic frame, and injected with a 151 fluorescent retrograde tracer in the area of the NTS, as previously described (Li et al. 2003 ). The 152 dorsal medulla was exposed after retraction of overlying muscles and occipital membranes. A 153 small part of the occipital bone was removed to increase the exposure of the medulla. 154
Rhodamine-labeled microspheres (Lumaflor, Naples FL) were pressure-injected unilaterally (200 155 nl) into the NTS area at the level of the obex. The injection point was 1.0 mm lateral to the 156 midline, and 0.8 mm below the dorsal surface. After the injection, muscles were sutured together 157 and the wound was closed. The location and extension of the injection sites were confirmed 158 histologically. Injections in the NTS area were mostly restricted to caudal aspects of the nucleus 159 of the solitary tract although they also extended ventrally into the dorsal motor nucleus of the 160 vagus (rostrocaudal extension: Bregma -16.2 to -15.6) (see also (Stern 2001 number of evoked action potentials (including spikelets), as a function of current injected was 266 generated for each experimental group. As we previously reported in control rats (Jackson et al. 267 2005), the I/O function plot in WKY-S rats displayed a roughly parabolic relationship. The firing 268 discharge increased progressively at low intensity stimulation, reaching a peak at 79.1 ± 2.8 pA 269
(~40% of maximum stimulation). Firing rate decreased thereafter, coinciding with a large degree 270 of adaptation and/or dampening of action potential amplitude. As an index of dampening, we 271 measured the number and proportion of "spikelets" recorded at a current step of 150 pA. In 272 WKY-S rats, we measured 1.6 ± 0.3 "spikelets", which represented 24.2 ± 3.5 % of the total 273 number of spikes detected (see Fig.3 ). Exercise training in WKY rats significantly enhanced the 274 I/O function, resulting in an overall increase in the number of action potentials evoked in 275 response to depolarizing stimulation (F= 97.2, P< 0.0001, 2 Way ANOVA). Thus, in PVN-NTS 276 neurons from WKY-T rats, the firing discharge increased progressively with stimulation 277 amplitude, reaching on average a maximum firing frequency at 127.1 ± 11.9 pA (~65% of the 278 maximum stimulation), a value significantly higher than that observed in WKY-S neurons (P< 279 0.0001). In this experimental group, the total number of "spikelets" was similar to WKY-S rats 280
(1.7 ± 0.6, P>0.9), while their proportion was significantly diminished (14.0 ± 4.4%, P< 0.05) 281 due to the total higher number of spikes in this group (see Fig.3 ). This indicates that the T-282 induced increase in firing discharge was not mainly due to an increase in the number of 283 "spikelets" 284
Interestingly, opposite results were observed in SHR rats. In SHR-S rats, the I/O function 285 was similar to that observed in WKY-T rats. Thus, in this group the firing discharge increased 286 progressively, showing little adaptation and/or dampening of action potential firing, reaching 287 maximal firing frequency at 127.3 ± 10.2 pA (~65% of the maximum stimulation). At a current 288 step of 150 pA, we measured 0.9 ± 0.3 "spikelets", which represented 12.6 ± 3.9 % of the total 289 number of spikes detected. In contrast to WKY, exercise training in SHR rats significantly 290 diminished the gain of the I/O function, resulting in an overall lower number of action potentials 291 in response to depolarizing stimulation (F= 46.7, P< 0.0001, 2 Way ANOVA). Thus, in PVN-292 NTS neurons from SHR-T rats, the firing discharge increased progressively at low stimulation, 293 decreasing thereafter, as observed in WKY-S rats. The maximum firing discharge in SHR-T rats 294 was attained on average at 85.6 ± 11.8 pA, a value significantly smaller than that observed in 295 SHR-S neurons (P< 0.02). In SHR-T, the total number of "spikelets" (2.3 ± 0.4) as well as their 296 relative proportion (38.4 ± 5.2%), increased significantly when compared to WKY-S rats (P< 297 0.05 and P< 0.01, respectively). This indicates that the T-induced decrease in firing discharge in 298 SHR was partially due to an increase in the number of "spikelets". 299 amplitude of action potentials in WKY rats (P< 0.05). However, no significant differences were 322 observed in SHR rats (P> 0.5. Fig.5 ). Exercise training did not affect the action potential width 323 in either WKY or SHR rats (P> 0.5) (Fig. 5) . 324 Na + spikes in PVN-NTS neurons were followed by a large hyperpolarizing after potential 325 (HAP). While exercise training significantly enhanced the peak amplitude of the HAP in WKY 326 rats (P< 0.05), the opposite effect was observed in SHR rats (P< 0.05 in both cases, an I/O function that was similar to that observed in WKY-T rats, displaying little or no 357 adaptation to depolarizing stimuli, being thus able to sustain continuous repetitive firing 358
throughout the stimuli applied. Interestingly, exercise training in this group restored adaptive 359 mechanisms, resulting in a similar I/O profile as that observed in WKY-S rats, i.e., diminished 360 firing discharge and dampening of action potentials during sustained firing. 361
Action potential dampening was reflected as a progressive decrease in the magnitude of 362 action potentials, leading occasionally to action potential failure. While we did observe exercise-363 mediated changes in the number of spikeletes, particularly in the SHR rats, they did not account 364 for the overall changes in firing properties reported among groups (i.e., full action potentials 365 were also affected). The functional significance and precise mechanisms underlying the 366 generation of these smaller amplitude action potentials, also known as spikelets is at present 367 unknown. It was previously shown the spikelets can result not only from the progressive 368 inactivation due to depolarization inactivation, but that they could also they can reflect electrical 369 coupling between neurons, ectopic axonal spikes, or spikes originating at dendritic sites Taken together, our data suggest that exercise training differentially affects neuronal 375 excitability of PVN-NTS neurons under physiological and pathological conditions. Thus, as 376 further discussed below, one reasonable interpretation of these results is that exercise training in 377 normal conditions increases neuronal excitability as an adaptive mechanism to cope with the 378 increased cardiovascular demands related to exercise, whereas in pathological conditions, such 379 as hypertension, exercise acts as a "corrective" factor, which normalizes the abnormally elevated 380 neuronal excitability and repetitive firing properties observed in this condition. 381 382
Potential mechanisms underlying the differential effects of exercise training in PVN-NTS 383 neuronal excitability in normotensive and hypertensive rats 384
The repetitive firing properties and the input-output function of a neuron could be 385 influenced by a variety of intrinsic mechanisms, including changes in input resistance, action 386 potential waveform and post-spike properties, such as hyperpolarizing-after potentials (HAPs) 387 and after-hyperpolarizing potentials (AHPs). 388
In this study, we observed common differences among groups that shared similar 389 repetitive firing properties. These could be mostly related to the degree of voltage-gated Na (WKY-T and SHR-S). As a caveat however, despite differences in spike threshold, no major 404 differences in firing properties among groups were observed with the lowest intensity current 405 injections. Thus, it is tempting to speculate that differences in Na However, other potential mechanisms should be considered, including altered resting K+ 410 conductances, as well as altered spinning-evoked changes in intracellular Ca2+ levels. 411
Elucidating the precise underlying mechanisms contributing to the altered repetitive firing 412 properties reported in this study will be the focus of future studies. -dependent SK potassium channels (Greffrath et al. 1998 ), resulting in spike 418 frequency adaptation during repetitive firing. In a recent study, a reduced AHP was found to 419 contribute to increased excitability of presympathetic RVLM-projecting PVN neurons in 420 angiotensin II-high salt diet hypertensive rats (Chen et al. 2010 ). In our study, however, we 421 found no differences in the AHP magnitude in PVN-NTS neurons between WKY and SHR rats, 422 indicating that changes in AHP during hypertension are either cell type-dependent, or depend on 423 the experimental model of hypertension used. Moreover, we found exercise training to diminish 424 the AHP magnitude both in WKY and SHR rats. Given that exercise training affected repetitive 425 firing in an opposing manner in these two experimental groups, it is unlikely that differences or 426 changes in AHP magnitude constitute an underlying mechanism mediating changes in repetitive 427 firing discharge. Finally, the lack of significant differences in input resistance among groups also 428 argues against this as an important factor contributing to differences in repetitive firing. Another caveat in our study is that the neurochemical identity of the recorded PVN-NTS 438 neurons was not determined. Moreover, while our tracer injection was centered within caudal 439 aspects of the NTS, the tracer also expanded into more rostral and ventral regions, involving thus 440 multiple NTS subnuclei. Thus, it is likely that a heterogeneous population of PVN-NTS 441 projecting neurons was sampled in this study. We recently showed that the majority (~65%) 
